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Abstract 
Nitrogen  is the main problem in soil,  one of them is nitrate compound is 
water soluble and easy to be leached in the soil water and become pollution 
substances in the soil and water. The research aim is to study about the potential 
of trees litter in agroforestry  system were estimated have the natural nitrification 
inhibitory effect and heterotrophic microbe in the soil. This research was 
conducted by survey and  usingdestructivesoil sampling. The nitrification 
potential  in the soil was measured by Berg and RosswallMethod modification 
from Kandeler, population and activity of the nitrifying microbe using MPN 
method, and  population of the heterotrophic microbe by using Plate Count 
method.Result of the research are :  the  all treeslitter observed in the study 
candecline the nitrification rate, potential nitrification value and increasing the 
amount of Heterotrophic Bacteriasignificantly. The using the litter of plants can 
be recommended as an alternative way in controlling nitrification process 
naturally, environmental safety and supporting continuous agriculture system.  
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Introduction 
Natural resources such as vegetation. soil and water have important roles 
in suitable development in a watershed. It is. therefore, important to ensure the use 
of those natural resources in such a way that the following generations will be 
able to take the advantages. The activities, land rehabilitation and soil 
conservation practices, can prevent further environmental damages such as severe 
soil erosion, decline of soil productivity through deterioration of soil physical and 
chemical qualities. flooding during rainy seasons and drought in the dry seasonon 
the lower part of the watershed, sedimentation in reservoirs and lakes, and 
siltation in irrigation network, as well as. Doran et al, (1999) show that one 
centimeter top soil formation takes about 100-400 years. Therefore, soil 
conservation efforts on the land in the upper watershed (DAS = daerah aliran 
sungai) to be conducted to ensure the sustainability of land productivity.  
Agroforestry system is a solution for the development of agriculture in the 
upstream watershed not only acquire but crop production while preserving the 
environment in order to stay healthy, both on a local, regional and global levels. 
Agroforestry is a system of land use (farming) that combines trees with 
agricultural crops to increase profits, both economically and environmentally 
(World Agroforestry Centre). Agroforestry systems has been believed by most 
people as an effective way to maintain soil fertility and prevent erosion in the 
upper watershed (DAS). Van Schaik  and Van Noordwijk (2002) adds that an 
agroforestry system can be a source of farmers' income and at the same time 
maintaining environmental services such as maintaining biodiversity. 
Increase the diversity of plants in the field will increase the efficiency of 
nutrient utilization for each species making up the mixed system would 
complement each other in nutrient utilization. Species that are rooted in the will 
act as a "safety net" and capture nutrients moving down through the soil profile 
and is returned to the ground via avalanches seresahnya (Suprayogo, 2000; Cadish 
et al. 2004). Some species of trees in agroforestry systems have the potential to 
explore nutrient unattainable by root crops,  capture nutrients moving down and 
moving laterally in the soil profile, and  dissolving form recalsitrant nutrients 
unavailable to plants (Buresh et al., 2004).  
Attempts were made to inhibitors nitrification and N leaching among 
others by the use of slow-release N fertilizer (slow release) (Aarnio and 
Martikainen, 1995), or fertilizer N with Nitrification inhibitors such as Thiourea; 
Sulfathiazole; 2-Amino-4-chloro-6- Methylpyridine; Dyciandiamide; Etridiazole 
and N-serve (Nitrapyrin). Application of synthetic compounds was successful at 
reducing the loss of soil N, but the price is relatively expensive addition was also 
adversely affect beneficial soil microbes such as bacteria nitrogen fixation (Paul 
and Clarck, 1989). 
Soil microbes are important contributors to primary productivity. They 
provide services which are important for the existence and functioning of natural 
ecosystems. These services are essential for the sustainability of all terrestrial 
ecosystems including agroforestry systems. However, soil microbes are very 
sensitive to disturbance caused by agricultural practices in the agroforestry 
systems.  
Research on natural ecosystems suggests that the rate of nitrification in 
forest ecosystems is relatively low due to allelochemical formed nitrification 
inhibitors such as tannins, polyphenols, galotanin, penolic acids, flavonoids 
(Myrold, 1999). Further research proved that low nitrate water mark on the 
ecosystem is not solely due to allelochemical nitrification inhibitor but also as a 
result of competition immobilization of ammonium (nitrification substrate) with 
heterotrophic microbial diversity and assimilation of ammonium by the extensive 
root systems (Myrold, 1999). The present study described the impact of land use  
on the dynamics population of the  heterotrophic and nitrification bacterial at nine 
different agroforestry system in Keduang Sub Watershed in Bengawan Solo Hulu 
Region. 
 
Materials and Methods 
The research was conducted from Mey until September 2012 , at 
agroforestry area  at  Keduang sub watershate, Wonogiri regency, Central Java 
province,  Indonesia. The analysis of heterotrophic and nitrifying bacteria and 
litter quality was done in the laboratory. Tree and shrub litter collected by net 
mounted under the canopy (each of 15 trees in the nine types of agroforestry 
system).Soil sampling in sub Keduang watershed using Land Map Unit (LMU), 
each of LMU have same characteristic in soil type, land use, slope, topsoil 
samples (from a depth of 0 to 20 cm) were taken in teh nine types of agroforestry 
system with stratified random sampling.The expected information from the 
research are : general condition (geographic position, elevation, climate and 
hidrological characteristics), soil characteristics (pH, organic matter, total 
mycrobes, heterotrophic microbes, and nitrification bacterial; and quality of the 
litter which are lignin and polyphenol content. 
Soil carbon, nitrogen, phosphorus,cation exchange capacity and pH were 
analyzed according to standard methods. Organiccarbon content was analyzed by 
the Walkley–BlackProcedure (Nelson & Sommers, 1982), total nitrogen content 
was determined by the Kjeldahl method (Bremner & Mulvaney, 1982), total 
phosphorus was examined by the ammonium paramolybdate-ascorbic acid 
colorimetricprocedure after extraction using dilute acid fluoride (Olsen & 
Sommera, 1982), cation exchange capacity was examined by ammonium acetat 
procedure at pH 7. 
Population of heterotrophic bacteria isolated from soil samples taken on 
each unit of land use maps (SPL) on Keduang sub watershed. The population of 
heterotrophic microbes (actinomycetes, fungi and bacteria) in the soil, were 
analyzed according with a plate count method, with the nutrient agar (NA) for 
bacteria,  with media Potato Dextrosa Agar (PDA) for fungi,  as well as with the 
media  Actinomycetes Isolation Aga (AIA)for actinomycetes. 
Soil samples for identification microbes taken by using box cooling ( cool 
box ) for keeping soil conditions. Isolation bacteria oxidizing ammonium of the 
soilwere analyzed according by method dilution. Medium used in form of salt 
physiological, after diluted until 10
4
 then planted in the press oxidizing nitrate and 
media oxidizing ammonium. Bacteria nitrification spatially khemoautotrof, then 
for counting the numbers are used pure medium ( must not polluted any organic 
compound ) fortified with NH4
+
 and or NO2
-
 as energy sources. Each medium is 
then inoculated with one series dilution soil and next incubation in the 35 day. 
When the incubation, the bacterial growth oxidizing NH4
+ 
characterized by 
changes color medium of blue to greenish-blue and next yellow to colorless 
acidifying due to the media.Oxidizing bacteria growth marked by test NO2
-
nothing negative in the medium. Of these criteria then counted the number of 
approximations (MPN) its use MPN table Hoskins. Nitrification potential 
measured with methods developed by Kandeler, 1995. 
Litter and shrub sample obtained from location research taken on each of 
the Land Map Unit (LMU) by placing pieces to measure land cover domination. 
The poliphenol content were analyzed according method Kermasha (Kermasha et 
al., 1995) by extraction with ethyl acetate and analyzed by HPLC, and the lignin 
contentwere analyzed according by the method of Acid detergent fiber. 
 
Results 
General conditionof nine  different agroforestry systems located at 
Keduang sub watershedWonogiri regency, Central Java province,  Indonesia. 
Analysis of soil properties at Keduang sub watershedare :pH, organic carbon, total 
nitrogen, total phosphorus, and cation exchangeble) were used to classification 
soilfertility. Table 2 shows the results of the analysis. 
  
Table 1.Soil properties at Keduang sub watershed (Carbon, nitrogen, phosphorus 
contents, pH and cation exchange capacity) 
Location 
Carbon 
(%) 
Nitrogen 
(%) 
Phosphorus 
(ppm) 
pH cation exchange 
capacity 
LMU 1 1,16 0,23 19,05 5,44 24,33 
LMU 2 1,46 0,21 13,90 5,37 31,26 
LMU 3 1,28 0,14 14,43 5,65 32,37 
LMU 4 1,45 0,21 15,50 6,01 27,97 
LMU 5 1,68 0,16 44,00 5,75 30,19 
LMU 6 1,28 0,24 36,16 5,87 33,30 
LMU 7 1,67 0,23 35,19 5,75 30,62 
LMU 8 1,34 0,18 30,12 6,05 29,86 
LMU 9 1,35 0,2 30,37 6,08 31,72 
Analysed by Soil Biology Laboratory, Soil Scince Departement, Faculty of Agriculture, University of Sebelas 
Maret, Surakarta 
LMU : land map unit 
 
Population of soil microbes such as:  total number of microbe colonies, 
amonium oxidizing bacteria (NH4
+ 
and NO2
-
 oxydized bacteria) fungi, heterotroph 
bacteria is  important contributors to soil productivity. Table 2 shows that 
population of soil microbe appropriate to be classified into nine-based 
agroforestry systems. 
Table 2. Population of soil microbes  
Location ∑ 
microbial 
colony 
NH4
+ 
Oxidizing 
bacteria 
NO2 
Oxidizing 
bacteria 
Potential 
Nitrification 
Total 
Heterotroph 
Bacteria  
Fungi Actinomycetes 
LMU 1 325. 10
5 
25 22 1 181 22 75 
LMU 2 350. 10
5
 28 25 0 169 28 99 
LMU 3 322. 10
5
 22 19 1 189 20 71 
LMU 4 293. 10
5
 30 29 0 146 17 72 
LMU 5 334. 10
5
 36 32 1 118 39 108 
LMU 6 438. 10
5
 15 15 0 218 50 140 
LMU 7 420. 10
5
 8 8 0 267 32 104 
LMU 8 400. 10
5
 18 17 1 195 44 125 
LMU 9 478. 10
5
 12 13 1 229 60 163 
Analysed by Soil Biology Laboratory, Soil Scince Departement, Faculty of Agriculture, University of Sebelas 
Maret, Surakarta 
Explanation : colony unit : cfu 105 gram-1 soil, and µg NO2
-
 g
-1
soil  for potential nitrification 
LMU : land map unit 
 
 
Litter and shrub collected showed that quality varied according to the 
diversity of trees in agroforestry system at Keduang sub watershed. Tabel 3 shows 
that quality  of tree and shrub alitter quality  appropriate to be classified into nine-
based agroforestry systems. 
Table 3. The litter and shrub  quality 
Location Lignin 
(%) 
Polyphenol 
(%) 
Organic Carbon 
(%) 
Total N of 
litter (%) 
C/N (lignin+poliphenol)/N 
LMU 1 
15,0 26,13 44,2 2,6 16,9 1,58 
LMU 2 20,3 14,81 33,3 1,5 22,5 2,37 
LMU 3 12,2 25,55 33,5 2,6 13,1 1,48 
LMU 4 15,1 9,53 35,6 1,0 37,5 2,58 
LMU 5 16,1 8,48 35,7 0,9 42,0 2,90 
LMU 6 17,0 8,82 35,7 0,9 40,5 2,93 
LMU 7 19,8 15,45 35,7 1,5 23,2 2,28 
LMU 8 21,9 14,56 34,5 1,5 23,6 2,50 
LMU 9 26,8 17,16 37,6 1,7 21,8 2,56 
Analysed by Soil Biology Laboratory, Soil Scince Departement, Faculty of Agriculture, University of 
Sebelas Maret, Surakarta 
Explanation : colony unit : cfu 105 gram-1 soil 
LMU : land map unit 
 
The dynamics population of the  heterotrophic and nitrifying bacteria on 
Agroforestry system inKeduang Sub Watershed  in Bengawan Solo Hulu Region 
is relationship between with quality of litter. Further analisys show that lignin, 
polyphenoland  N concentration of litter has higher correlation with populasi of  
the  heterotrophic and nitrifying bacteria (Fig 1, 2, 3 and Fig 4) in  agroforestry 
system.  
           Figure 1.  Population of amonium oxidizing bacteria and NO2
 
oxidizing 
banteria in sub keduang watershed agroforestry system 
 
 
 
Figure 2. Relationship between Amonium Oxidizing bacteria and lignin, polifenol 
concentration is sub Keduang watershed agroforestry system 
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Figure 3. Relationship between NO2 Oxidizing bacteria and lignin, 
polifenolconcentretion in sub keduang watershed agroforestry system 
 
 
Figure 4. Relationship between total heterotroph bacteria adn Lignin, Polifenol 
concentration in sub Keduang watershed agroforestry system 
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Discussion 
The soil fertility characteristic on the research area is low to moderat level. 
The organic carbon at low level associated with vegetation density in the 
agroforestry systems is low to moderate with high lignin content. The soil reaction 
(pH) at the Keduang sub watershed is slight acid. Slightly acidic soil reaction 
resulted in a low cation exchange capacity, while soil base soturation is low due 
the high content of H
+
.  
Research on natural ecosystems suggests that the rate of nitrification in 
forest ecosystems is relatively low due to allelochemical formed nitrification 
inhibitors such as tannins, polyphenols, galotanin, penolic acids, flavonoids 
(Myrold., 1999). Further research proved that low nitrate water mark on the 
ecosystem is not solely due to allelochemical nitrification inhibitor but also as a 
result of competition immobilization of ammonium (nitrification substrate) with 
heterotrophic microbial diversity and assimilation of ammonium by the extensive 
root systems. The result of this study showed that the number of the microbe 
population show that the soil at the Keduang sub watershed is relatively high 
(number of colony more than 1 x 10
6
 colony form unit per gram soils). So the 
organic carbon of the soil is very low because influence of several factors to the 
organic matter (litter and shrub) decomposition such as the liter quality (lignin, 
folyphenol and C/N ratio). Handayanto et al. (1995) explain rapid of litter 
decomposition definited by the content of carbohidrate, amino acid, active 
polyphenol, lignin, and ratio C/N. Condition that rapidly decomposition of litter 
are : small litter and low content lignin, litter with low C/N ratio, soil with neutral 
acidity, that have activity various decomposition microbia and good condition 
aeration and soil moisture. Litter in high class have content of lignin <15%, 
content of polyphenol <3%  and C/N ratio <25. 
Soil microbes prefer NH4
+
  rather than NO3
-
 to meet its needs (Laegreid et 
al., 1999). The process of assimilation ofNH4
+
 or NO3
-
 -into microbial biomass is 
called immobilization and is the opposite of mineralization. Ratio C / N around 
20/1 is the boundary between immobilization and mineralization of N. At the 
beginning of decomposition, an increase in heterotrophic microbial populations 
and release of CO2. If ratio C/N> 30 is given to the soil, there will be immobilized 
N, otherwise if the ratio C/N <20 then it happened mineralized N at the beginning 
of decomposition (Brady and Weil, 2002; Havlin et al., 1999). Immobilization of 
N will reduce the availability of NH4
+
 or NO3
-
for plants because the soil microbes 
more competitive in obtaining mineral N than plant roots. But after organic matter 
decomposition process is complete, the immobilized N in the form of organic N 
will be mineralized back.The result of this study showed that the number of  NH4
+ 
Oxidizing bacteria in the research site soil is relatively high, about 8-36 cfu 10
5
 
per gram soils. Population of the NO2 Oxidizing bacteria was very low if compare 
than NH4
+ 
Oxidizing bacteria.  
Increasing  of heterotripic bacteria population caused by large amount of 
organic matter, that can useful for heterotrof bacteria. Heterotrof bacteria will 
imobilize HN4
+
 in soil, and no HN4
+
 residue in soil. Decomposition of organic 
matter absorb O2 in soil makes competition between heterotrophic bacteria and 
nitrification bacteria that indirect correlation with nitrification process. 
Nitrification process will blocked by activity of heterotrophic bacteria. 
Nitrification is the process of conversion of NH4
+
 to NO3
-
 under aerobic 
conditions. The process is mediated by specific genera of aerobic chemoautotropic 
microorganisme, namely Nitrosomonas and Nitrobacter. These organism use 
CO2as carbon source, with Nitrosomonas oxidizing NH4
+
 to nitrite (NO2
-
) and 
Nitrobacter converting NO2
-
 to NO3
-
. Since there is production of 2H
+
 per N 
during nitrification, this may cause acidification in some enviroments. Several 
kind of the litter have low ration C/N but polyphenol content is high so the rate of 
N mineralization too late for supplying the need of microbe.  
Nitrification seems to be restricted by of pH,nitrification is a sensitive to 
soil pH, with significant reduction in the process below pH 6.0 and above pH 8.0. 
Nitrification is negligible below pH 4.5. Chemolitho-autotrophic bacteria are the 
main nitrifying agents in most  soils, whereas heterotrophs in these soils are 
generally thought to make only a small ontribution to NH4
+ 
oxidation. However, 
in certain acid soils, heterotrops may also play an important role nitrification.The 
optimum pH for nitrification is 7-8. At pH >8. 
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